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Abstract 
One of the most lucrative renewable energy sources for supplying energy in future decades is the solar energy. Solar energy can 
be utilized through both active and inactive systems. Inactive solar systems are the ones which collect and store solar energy 
without the use of energy-consuming devises such as pumps or controllers, so that the energy can be used at the time of need. 
This causes the amount of energy consumption in different parts of a building to reach their point of minimum. There are 
different methods for the utilization of the solar energy in an inactive way, namely solar windows, solar greenhouse method, 
Trombe wall and aqua wall, atriums, and pools on the roof tops. In this paper, the most common methods of using solar energy in 
inactive ways, which are atriums, Trombe wall, and solar greenhouse are analyzed. The method of the research is descriptive-
analytic so that with better knowledge, modern designs can gain full benefit from these techniques. 
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1. Introduction 
Energy plays a paramount role in human life and in general, the lives of all creatures depend on it. These days, the 
methods of providing, generating and consuming energy are in a way that in long-term, the continuation of the 
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current process is not possible. Since the post-industrial revolution era, the process of technological development 
and the change in human life-style that it gave rise to has caused a massive increase in the consumption of different 
forms of energy, most of which are non-renewable. In a report entitled "International Energy Landscape", the 
Energy Information Association (EIA) states that between the years 1985 and 2005, 81 percent of the total 
consumed energy of the world came from fossil fuels, 7 percent from nuclear power and only 12 percent was 
supplied by renewable energies. On the other hand, a quick glance at the total consumed energy worldwide 
highlights that 48 percent of the energy was consumed in buildings, 25 percent in industries and agriculture, and 27 
percent in transportation [1]. 
                               Table 1. Comparing Indicators of Energy Consumption in Different Parts of the World [1]. 
Building Industries and Agriculture Transportation Energy Consumption 
48 % 25 % 27 % World 
 
Given that statistics relate the high rate of energy consumption to buildings, basic measures need to be taken to 
prevent the overuse of energy there, and as a result to reduce the rate of fossil fuel consumption. Optimization in 
energy consumption in different levels of the cities must be considered through programming in stages of designing, 
construction and utilization of buildings. One of the presented solutions is utilizing renewable sources in buildings 
since these energies have the capability if generating a great amount of energy while not polluting the environment. 
Therefore, reducing the consumption of non-renewable energies and utilizing renewable energies must be placed at 
the center of effective elements in designing buildings. Among the very many renewable energy sources available – 
mainly that include wind energy, tide energy, geothermal energy, solar energy and biomass – the solar energy is one 
of the most reputable sources for providing future generations with sufficient energy [2]. Given the average sun 
radiation in Iran, which is about 5 kilowatt per hour per square meter in sunny days, utilizing solar energy is easily 
achievable. To do so, there are several active and inactive systems which could be designed and installed, and as 
long as they are properly operated in architectural spaces, they can pave the way for reducing thermal loads [3]. 
2. Active and Inactive Solar Energy Systems 
Active solar systems are the systems that utilize other energy systems such as mechanical and electrical systems 
to receive and transport energy [4]. But inactive solar systems are those that collect and store solar energy without 
the use of energy consuming facilities; thus, the energy can be consumed when needed. Moreover, this method 
supplies the ample energy for different parts of the building [5]. Although active solar systems probably receive 
more attention than inactive solar systems; it must be also noted that the use of inactive systems can be very 
effective in saving and utilizing energy [4]. These systems are among the most practical solar systems because they 
are deemed as a part of the building's rough work. Furthermore, they do not have the mechanical and electrical parts 
that come with depreciation. These systems can be classified into the three categories of direct reception, indirect 
reception and segregated reception [6]. 
           Table 2: Different Methods of Utilizing Solar Energy in Inactive Form and How they Work 
How it Works Parts and Placement Ways of Using 
Solar Energy 
Categorization of 
Inactive Systems 
Windows that are facing the sun guide 
the solar energy into the building 
Roof windows in the south frontage Solar window 1.Direct reception 
It gains heat energy and stores the heat 
collected in the day for the night 
It provides a space for growing plants  
Greenhouse facing the sun in the southern wall 
East to west elongation  
 
Greenhouse 
method 
 
2.Segregated 
reception 
 
It collects and stores solar heat 
It distributes the received and stored heat 
A wall of materials with high heat endurance 
and dark color, Covered by glass. 
Trombe wall 3.Indirect 
reception 
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in the building with a few hours delay Is in contact with the interior space 
A combinational system of heat for the 
winter and cold for the summer 
A plastic bag full of water with a 20-centimeter 
thickness on the roof and dark exterior surface 
Pool on the roof 
top 
 
It is good for ventilating building's air 
Utilizing natural light and saving energy 
Expansive space with glass roof 
Centralized, semi-enclosed, attached and linear 
Atrium  
 
Among these methods, several most common ones are solar greenhouses, Trombe wall, and atriums. In the 
upcoming section, the details of how these methods are used for saving and efficiently utilizing the sun's renewable 
energy is discussed in depth. 
3. Analyzing the Patterns of Atriums  
Atriums are open air central courtyards that surround their neighboring rooms and are more utilized in non-
residential buildings. The construction of the first atrium dates back to a house with a central courtyard 3000 BC, 
around Mesopotamia, following the central courtyards of old Roman buildings, called atriums [7]. 
 
Fig.1. Plan and Profile of a House with the Atrium in Mesopotamia [7]. 
 
In modern architecture, the atrium is an expansive open space that is often several floors high and is covered by a 
glass roof, big windows, or both [8]. Not only is Atrium utilized for natural light, ventilation and saving energy, but 
it is also used as a social function for the residents of the building [7]. The dimensions of the atrium (length, width 
and depth) are determining factors of the received day light. Moreover, the size and the place of the windows in the 
middle space as well as the amount of the walls' reflection play a role in atrium's daylight reception. Studies on a 
building with five floors and an atrium in Santiago has shown that sun radiation in the atrium's space can reduce the 
cooling needs of the building up to 75 percent, and lead to reduction in energy consumption. But this, to a large 
extent, depends on the form of the building and the type of the glasses that are used [9]. 
 
   
Fig.2. Atrium in the City Hall of Netherlands [10] and the Schematics of the Entrance Natural Light, Heating and Ventilation in the Atrium [11]. 
 
Atriums can be categorized into four general forms. The first type is the centralized atrium. This type of atrium 
has a centralized glass courtyard, which is located in the centre of the building and is surrounded by a glass roof. 
The second type is the semi-enclosed atrium, in which the glass space is within the building but one of its sides is on 
the exterior surface of the building. In this type of atrium, the roof can be either made of glass or be open. Another 
type of atrium is the attached atrium, which is constructed outside the exterior walls of the building and is in contact 
with the outside space from three sides. The last type is the linear atrium, which is located in an area between two 
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separated blocks with glass walls on two sides [11]. Closed atriums are more frequently used in cases where the area 
of the building is very big; or there is no or limited possibility for using the southern sides of the building.  
        Table 3. Four General Forms of the Atrium in Plan and Volume [7, 11]. 
Centralized Atrium Semi-Enclosed Atrium Attached Atrium Linear Atrium General Forms of Atrium 
    
 
Atrium in Plans 
 
 
          
 
 
Atrium in Volume 
 
Atriums can be designed in a way that they can create natural ventilation [11]. Not only does using natural 
ventilation help reduce energy consumption and costs, but it also promotes the quality of the inside air. The pressure 
difference between the inside and outside air leads to air movement and consequently, ventilates in the building 
[12]. In general, there are three factors required for natural ventilation in atriums: 
x Air duct must be installed in the building's lowest part. 
x Air exit must be placed in the highest part of the building.  
x The Source of heat must cause the difference between the outside and inside temperature [7].  
Thanks to the implementation of this design, the cold and heavy air enters the space from below and warm air 
exits from the higher parts. Perhaps the most significant issue with the atriums is the excessive increase of 
temperature in summer, and that can be dealt with using shades, water, greenery and ventilation. 
  
Fig.3. Analysis of Atrium's Pattern and the Impact of the Wind in Natural Ventilation [7]. 
 
Thanks to the excellent luxuries that computers have brought about for us these days, the energy that is collected 
in the atrium can be calculated. The amount of this energy depends on the type of the material with which atrium is 
constructed, the size of the surfaces and also the insulations that are done. The ventilating behavior of the atriums 
varies based on their types. The types, the roles, and the behaviors of the atriums are illustrated in Table 4. 
                            Table 4. Ventilating Behaviors and the Roles of Atriums Based on their Types [7] 
Ventilating Behavior of the Atrium Role of the Atrium Types of Atriums 
Atriums let in the fresh air to the building 
from the sides and release the air after 
turning it inside the building.  
Chimney-like Ventilation 
(Indirect) 
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Atrium receives the fresh air directly and 
guides it into the rooms around. 
Providing Clean Air 
        
Cold and heavy air enters the lower entrances 
and the warm and stationary air exits through 
the higher ducts. 
 
Ventilating and Guiding 
Stationary Air 
 
Atrium does the internal ventilation directly 
and indirectly and ultimately exits the air that 
has become warm from the building. 
Internal Ventilation and 
Driving out the Warm Air 
(Direct and Indirect) 
 
Atrium transports the warm air to the internal 
spaces. 
Heating 
 
4. Analyzing the Pattern of the Trombe Wall 
The Trombe wall is a type of heat-storing wall. It is a dark wall facing south and it is made of materials with high 
heat endurance and which are covered by a transparent cover with a small distance. This transparent glass or plastic 
cover is placed within a distance of 5 to 20 centimeters from the wall. The wall is heated after the sun radiation 
passes through the transparent layer. Besides, the internal air is heated as a result of this radiation passage, and it 
stores the heat in itself. The amount of the sun's thermal energy absorbed by the Trombe wall depends on four 
factors: 
x The material used in the wall (cement, bricks, water) 
x The thickness of the wall 
x the size of the Trombe wall in comparison with all the other walls 
x the number of the glass layers (single-layered, double-layered, triple-layered) [13] 
The Trombe wall comes in various types. The first type is the one where the radiation method is used for 
transporting heat. The sun's heat is stored in the wall during the day and it is released in space during the night 
through radiation. This type of wall is used for heating, especially at nights. In the second type, the two methods of 
radiation and air transportation are utilized together. In this type of wall, two entrances are installed with the same 
distance in the top and the bottom. This type of wall can be utilized both as a heating system and as a ventilator. The 
third type is the regional Trombe wall, which is formed of two brick walls with a certain distance from each other. 
The exterior wall has less thickness in comparison with the interior wall. In fact, the exterior wall plays a similar 
role to a glass. The day and night function of the Trombe wall is as follows:  
Two entrances are installed in the wall, one in the lowest part and the other in the highest part. The entrances are 
left open during the day. The cold and heavy air enters the empty space between the wall and the transparent surface 
through the lower entrance. After being heated, the air enters the room through the entrance above. Another entrance 
is also installed for surplus heat generated between the wall and the transparent surface. The entrances are closed at 
night and the wall transfers the stored heat to the interior space. 
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Fig.4. Analyzing the Pattern of the Trombe Wall [13] and its Function during the Night and the Day [14]. 
5. Analyzing the Pattern of Solar Greenhouse 
Greenhouse is a space that is made of glass, and is located on the southern side of the building with an east to 
west elongation [15]. This system can provide part of the heating needs of its neighboring spaces. To do so, it 
receives the solar energy [16] and via a shared wall, heat is transferred from the solar greenhouse to the neighboring 
spaces through guiding or the openings in the shared wall with syndrome [17]. By creating greenhouses, the heating 
efficiency is 60 to 70 percent in winter and the transferred heat is 10 to 30 percent of the radiation energy. This rate 
increases by adding an accumulator system [15]. In general, the solar greenhouse has three main functions: 
x It is considered to be a backup source of heat 
x It provides a space for the plants to grow 
x It creates a desirable place for sitting 
 
Fig.5. An Example of a Greenhouse in a Solar House and Analyzing the Pattern of the House [18]. 
 
In general, there are three different methods for the skeletal connection of the solar greenhouse with the building 
and they are categorized by their limitedness into different types of attached, semi-confined and confined [19]. 
Greenhouses are either attached to the southern sides of the building in the form of glass rooms; or a part of them is 
outside and the other part is located inside the house. The former is commonly called the attached greenhouses while 
the latter is usually referred to as semi-confined greenhouses. In another type, solar the greenhouse is completely 
confined inside the building and receives light only through the ceiling. This type is called confined greenhouse and 
functions like atriums [20]. Since the acts of absorbing heat and storing energy are both done in a separate place like 
a greenhouse, the greenhouse system is also called the segregated reception system.   
 
 
Fig.6. Plan and Perspective of Three Different Methods for the Skeletal Connection of Solar Greenhouse and Building [8, 21]. 
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Three researchers have investigated the effective factors on how much energy could be absorbed by greenhouses, 
how this amount could be calculated, as demonstrated in Table 5. In general, the following points should be noted in 
designing greenhouses to utilize energy in a more effective way and to avoid its waste: 
x Using double-layered glasses in the greenhouse is helpful. 
x The wall between the greenhouse and the room must have high heat endurance. 
x Stones, concrete, and bricks are the materials that can be utilized on the floor and in walls of the greenhouse. 
x Light concrete is not acceptable as a thermal volume; and in case there is no way but using it, its cores must be 
filled with grout. 
x The space between the land and the greenhouse's floor must be insulated for better efficiency [8]. 
  Table 5. Suggested Models for Greenhouses by the Three Researchers and the Results of their Studies [22, 23, 24, 25]. 
Study Result Presented Model Suggested Models for the Greenhouse 
Using this model, the temperature, temperature of 
surfaces of the greenhouse and the heat flux of 
neighboring spaces of the greenhouse can be calculated. 
Presenting a model for the way 
radiation waves are distributed and 
reflected with high wave lengths 
inside the greenhouse 
Mottard and Fissore 
Using this model, coefficients such as latitude, 
orientation, geometry and visual characteristics of dark 
and glass surfaces on absorbing energy can be analyzed. 
Presenting a model for evaluating the 
amount of solar energy absorption in 
the greenhouse using a software  
Oliveti De Simone and Ruffolo 
The greenhouse that is attached to the building increases 
the temperature of the interior spaces in cold times of the 
year notably, but on the other hand, it causes the 
overheating of the space during the year.  
Using the methods of inactive cooling, shades, 
underground pipes and night ventilation to help prevent 
the overheating of the greenhouse during the summer. 
Impact of factors such as orientation, 
glass materials, border conditions of 
the greenhouse's floor and 
underground pipes system on the 
thermal efficiency of the building in 
four European cities were analyzed. 
Mihalakakou and Ferrante 
6. Combining the Two Systems of Greenhouse and Trombe Wall 
The greenhouse system can be integrated with direct absorption and Trombe wall. In this way, thermal efficiency 
strikingly increases. 
 
Fig.7. Comparing Two States, Right: Greenhouse System Left: Combining Greenhouse System with Trombe Wall [8]. 
 
  
Fig.8. Analyzing the Combinational Pattern of the Two Systems of Greenhouse and Trombe Wall [20]. 
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7. Conclusion  
Using solar greenhouse systems, the Trombe wall, atrium and an integration of these two systems optimize the 
utilization of renewable sources to a large extent. Besides, they can noticeably reduce the consumption of energy 
needed for lighting, heating, ventilating and at times cooling the buildings. Since these systems must be considered 
by the designer in the first stages of the designing a project, the possibility of applying them must be considered 
first; then, the design must be formed based on them. The findings of this study highlight how each of these systems 
work and what factors are effective on the amount of absorbing and saving energy based on the types of the system. 
 
        Table 6. How Systems Work and Effective Factors in the Amount of Absorbing and Saving Energy. 
Effective Factors on the Amount of Absorbing and Saving Energy Efficiency Indirect System 
Dimensions of the atrium (length, width and depth), the wall's reflection, 
size and place of the openings, building's form, type of glasses, 
orientation, type of atrium 
Letting natural light in, ventilation, 
heating and providing fresh air 
Decreasing the building's cooling needs  
Atrium 
Materials, color, the wall's thickness and area, number of glass layers, 
dimensions and placement of the entrances, the wall's heat endurance 
Heating and ventilation 
 
Trombe Wall 
Orientation, type of greenhouse and the amount of its confinement, type 
of glasses, the border conditions of the greenhouse's floor, the heat 
endurance of the greenhouse's walls, insulation, type and place of the 
shades, amount of using water and plants for cooling 
Letting natural light in, heating, 
ventilation and cooling in case water, 
plants and shades are utilized 60 to 70 
percent heat efficiency in the winter 
Greenhouse 
System 
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